Objective: Acute kidney injury is common condition in the neonatal intensive care unit and it is associated with poor outcome. The incidence of neonatal AKI is the highest one followed by adults and children, depending on different factors such as the gestational age, birth weight, contributing conditions and the facilities of the neonatal intensive care unit. The aim of the study was to determine the incidence, risk factors and the outcome of the neonatal acute kidney injury. Subjects and Methods: This was a clinical, prospective study that was performed in a referent NICU at the University Children's Hospital in Skopje. All neonates admitted from January 2012 to December 20014 with documented acute kidney injury were included. The medical data records of the admitted neonates with AKI were analyzed. The material was statistically processed using methods of the descriptive statistics. Results: During the study period 770 newborn infants were admitted to the NICU and 50 (6.5%) infants developed acute kidney injury. The male to female ratio was 2.1:1. Most of the neonates involved in the study were neonates born at term (62%). Oliguric AKI was found in 28 cases (56%) and no oliguric in 22 cases (44%). The prevalence of prerenal, renal and post renal AKI were 78.5%, 19.5% and 2.0% respectively. Perinatal asphyxia was the most common predisposing factor for AKI and was evaluated in 38% of the cases with predominance of term infants and male. The mortality rate was 32% and was significantly higher in the group of patients with congenital heart diseases. Conclusion: AKI is a life threatening condition with still high mortality rate. Early recognition of the risk factors and the rapid effective treatment of the contributing conditions will reduce AKI in the neonatal period.
Introduction
Acute kidney injury (AKI) is a serious condition which damages the kidney as a central mediator of the homeostasis of bodily fluids and electrolytes. It is common in patients in the neonatal intensive care unit (NICU) and it is associated with poor outcome. Because of the need of earlier detection of the disease, the term acute renal failure has been changed in to acute kidney injury.
It is characterized by a sudden deterioration of the normal kidney function. This dysfunction causes abnormal regulation of bodily fluids and electrolytes. It occurs as a rapid decrease in glomerular filtration rate (GER) that leads to retention of the creatinine and the nitrogenous waste products and usually with a decrease in the urine output [1] [2] [3] [4] [5] [6] .
Acute kidney injury can also present with normal urine output (UO) especially in asphyxiated neonates. More than 40% of the infants have no oliguric AKI. Namely, the neonates have higher total body water content than adults. Especially in preterm infants, the total body water can be as high as 80% of the bodyweight. This discrepancy in the body water content, alongside with the immature tubular function is the reason why neonates have higher urine output than other age groups. It was proven that urine output level less than 0.5mL/kg per hour is not a sensitive marker of the neonatal AKI and must be increased up to 1.0 mL/Kg per hour. [7] [8] Acute kidney injury occurs in 2 to 8% of the adult patients hospitalized in the intensive care units and the mortality rate is up to 50%. In children, the incidence of AKI is significantly lower except in newborns where it occurs in 8 to 24% with mortality rates between 10% and 61%. [9] [10] The risk factors for development of the neonatal acute kidney injury include very low birth weight (less than 1,500 g), low 5-minute APGAR score, intubation at birth, respiratory distress syndrome and neonatal medication administration (nonsteroidal anti-inflammatory drugs, antibiotics).
The causes of acute kidney injury in newborn infants are multiple and can be divided as prerenal, renal and post renal. Prerenal azotaemia is the most common type of acute kidney injury in newborns. It occurs in over 80% of cases, as a result of the inadequate renal perfusion, which, if promptly treated, is followed by improvements in renal function and urine output. Intrinsic (renal) kidney injury may occur due to parenchymal kidney damage. The post-renal kidney injury is a consequence of the urinary tract obstruction with inappropriate urine elimination. [11] [12] Predisposing factors may manifest as certain clinical conditions such as perinatal asphyxia, neonatal sepsis, prematurity, congestive heart failure and congenital anomalies, therapeutic interventions and certain nephrotoxic drugs. The appropriate treatment of the associated comorbidities, the reduction in the use of the potential nephrotoxic drugs reduce the risk of acute kidney injury in neonatal population in the intensive care units. [13] [14] [15] The aim of the study was to determine the incidence, risk factors and outcome of the neonatal acute kidney injury.
Subjects and Methods
This is a clinical, prospective study that was performed in a referent neonatal intensive care unit at the University Children's Hospital in Skopje, Republic of Macedonia. All neonates admitted from January 2012 to December 20014 with documented acute kidney injury were included.
AKI was defined by progressive increase in the infant's plasma creatinine level higher than 130 umol/L in infants younger than 33 weeks of gestation and higher than 90 umol/L in infants older than 33 weeks of gestation. The presence of oliguria was defined as a urinary output less than 1.0 ml/kg/h. Non oliguric AKI was defined when urine output was more than 1.0 ml/kg/h with abnormal renal functions.
According to the adopted criteria all infants who had major congenital abnormalities and infants who were under 25 weeks of gestation and older than 28 days of age were excluded from the study.
The medical data records of the admitted neonates with kidney injury were analyzed. Most of the laboratory examinations (serum creatinine, blood urea nitrogen, sodium, potassium, calcium, phosphorus, bicarbonate, total protein, albumin and urinalysis) were done in the biochemical laboratory of the Children's Hospital using Kodak camera dry biochemistry. We used tests for tubular function (concentration of sodium in the urine, renal failure index and fractional excretion of sodium) in differentiating between pre-renal and renal AKI.
All cases of newborn infants with kidney injury were analyzed according to the following criteria: gender, gestational age, birth weight and risk factors such as sepsis, asphyxia, prematurity with respiratory distress, heart congenital anomalies and heart failure that were associated with kidney injury.
The data collected were statistically analyzed. The quantitative variables were expressed as means and standard deviations, lower, higher and median values. The variables within category were described by their absolute (n) and relative (%) frequencies. The association between the different variables was analyzed by appropriate hypothesis testing (Pearsons Chi-square, Kruskal-Wallis). Statistical signifi-cance (significance) was determined for the levels p < 0.05 and p < 0.001.
Results
The study was carried out at the neonatal intensive care unit at the University Children's Hospital Skopje in which all newborns with acute kidney injury were referred from the territory of Republic Macedonia. The whole study has been performed during a 3 year period.
Acute kidney injury was diagnosed in 6.5% (50 cases) of all 770 admitted newborn infants. According to the distribution by gender, it reflects the predominance of males in 32 (68%) compared to females in 16 (32%). The male to female ratio was 2.1 : 1.
Most of the newborn infants involved in the study were term infants 31 (62%). Nineteen cases (38%) were prematurely born. The demographic characteristics of the newborn infants are summarized in Table 1 .
Oliguric AKI was found in 28 patients (56%) and no oliguric in 22 patients (44%). The prevalence of prerenal, renal and postrenal AKI were 78.5%, 19.5% and 2.0% respectively. The commonest cause of AKI in neonates was prerenal AKI, which may result in intrinsic kidney injury if not treated promptly. Table 2 shows the distribution of AKI types. Prevalence and distribution of predisposing factors associated with AKI among neonatal patients are shown in Table 3 and Figure  1 . Perinatal asphyxia was the most common associated contributing condition registered in 38%, with predominance in males and infants born at term. It was common finding in the no oliguric AKI, related to a less severe renal injury, and had a better prognosis.
Mechanic ventilation, vasoactive drugs requirement and exposure to nephrotoxic drugs, increased the risk of acute kidney injury. The distribution of the therapeutic interventions and drug treatments of patients admitted to the intensive care unit who developed acute kidney injury and their prognostic factors are shown in the Table 4 . 
Figure 1 -Predisposing factors for AKI
The mortality among the hospitalized newborn infants with AKI was 32%. It was significantly higher in the group of patients with congenital heart diseases than the other group (P = 0.01). Patients on assisted ventilation had significantly higher mortality rate. The distribution of mortality in predisposing factors associated with AKI are shown in Figure 2 . Chi-square = 58.5307 P = 0 p < 0.01
Figure 2 -Distribution of mortality in predisposing factors associated with AKI

Discussion
The study was conducted at the University Children's Hospital in Skopje where most of the neonatal patients with documented acute kidney injury from the territory of R. Macedonia were referred. During the study period, 770 newborn infants were admitted to the NICU and 50 (6.5%) infants developed acute kidney injury. These data correlate with the data described in several studies. [16] [17] But we think that the incidence of neonatal AKI in our NICU is likely higher than it is reported in the present study. Namely, infants very often have non oliguric AKI. In the setting of normal urine output, AKI was unrecognized in some newborns (asphyxiated and preterm infants) and therefore they were not included the study. So, a significant number of newborn infants were missed according to the currently proposed definitions in the paediatric population.
According to the distribution by gender, the group of male infants dominated. The high prevalence of AKI in boys is probably the result of some predisposing factors such as neonatal sepsis and respiratory distress syndrome which are more common in male than female. [18] [19] According to the distribution of the gestational age, the majority of the patients were infants born at term. The incidence of oliguria was 56% in our study, witch was in the reported range from 8% to 82% in recent studies. No nonoliguric AKI was associated with less morbidity and mortality than the oliguric AKI, probably because of the lesser degree and shorter duration of azotaemia. [20] [21] [22] [23] In 39/50 (78.5%) of the patients prerenal azotaemia was registered as a result of the inappropriate renal perfusion. This finding cor-relates with the data presented in the studies of Ottonello et al. and Gopal et al. [24] [25] Namely, Ottonello found prerenal azotemia in 85% of patients with neonatal AKI, while Gopal in 80% of patients. Due to the immaturity of the kidneys in neonates, poor renal perfusion may result in a secondary decrease in the renal function and finally in the acute kidney injury. Hence, arises the importance of timely and adequate treatment of neonates with kidney injury including the optimal hydration, treating contributing conditions, reducing nephrotoxic medications and invasive procedures. This approach leads to a substantially improved renal function, as well as the outcome and prognosis of the AKI [24] [25] .
Perinatal asphyxia is the most common contributing condition associated with AKI and was observed in 38% of the patients, with a predominance of males and term infants born with low Apgar score (in the first and fifth minutes of life). [28] [29] The remaining patients in our study presented with the following associated conditions: sepsis (28%), prematurity with respiratory distress syndrome (24%) and congenital heart malformations (10%). In all patients were registered more than one comorbid cause, indicating that the etiology of the acute kidney injury in the neonatal age is multifactorial. [30] [31] [32] [33] The mortality rate was 32% and it correlates to the data presented in the studies of Gharehbaghi et al. and Mortazavi et al. [34] [35] [36] It was significantly higher in newborns with congenital heart disease and secondary development of sepsis, in which invasive therapeutic procedures such as intubations and assisted ventilation were applied. Special attention needs to be paid in the application of invasive procedures in neonates due to the association of these procedures with the risk of AKI. Critically ill newborns are at risk of having AKI, as they are commonly exposed to nephrotoxic medications and invasive therapeutic intervention such as assisted ventilation. [37] [38] [39] [40] Conclusion AKI is a life threatening condition with still high mortality rate. It is an independent contributor to mortality. Often, the occurrence of kidney damage in the neonatal age is a result of multiple reasons. Early identification of newborns with acute kidney injury represents the first step in the prevention of this condition. Appropriate treatment of acute kidney injury, improves the outcome and prognosis. It reduces the morbidity and mortality of acute kidney injury in critically ill newborns and also reduces hospital stay and medical costs.
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